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Monday, February 9, 2015 193aeffect intermediate to that of cAMP. However, in the C-helix cAMP and cCMP
exhibit similar effects, but cGMP produces an intermediate effect between the
apo and bound cAMP/cCMP DEER distance distributions. These data provide
an interesting lens for studying allostery in HCN channels and indicate that
the mechanism of protein allostery in the CNBD varies for different cyclic
nucleotides.
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P2X receptors are trimeric cation channels that are activated by extracellular
ATP. These purinergic receptors have been reported to undergo pore dilation
following activation by high concentrations of ATP, a phenomenon thought
to mediate apoptosis in the immune system. Here we demonstrate that the
widely reported slow time-dependent increase in the relative permeability of
NMDG to Na, thought to reflect pore dilation, results from a gradual inhibition
of small-cation-selective channels following depletion of intracellular alkali
ions. Moreover, we find that P2X receptors enter both small-cation-selective
open states and large-cation-permeable open states within milliseconds of
ATP application. Taken together, our results demonstrate that P2X receptors
can rapidly enter a large-cation-permeable open state without requiring either
high ATP concentrations or high channel density, indicating that the ability
of ATP to permeabilize cells can occur under physiologically realistic
conditions.Platform: Intrinsically Disordered Proteins (IDP)
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Intrinsically disordered proteins (IDPs) mediate several and very diverse pro-
cesses such as signaling, regulation and formation of entropic barriers. Such
functions often involve the binding between an IDP and one or more
structured partners. Several mechanisms to describe the binding of IDPs to
structured proteins have been identified: the conformational selection model
implies that, along the conformational ensemble explored by the IDP,
binding-prone configurations are abundant and favor binding. In contrast,
the induced-fit model describes binding as a series of conformational
changes of the IDP that can form secondary structure elements upon binding.
By investigating the association between the intrinsically disordered nucleo-
porin Nup153 and its structured binding partner Importin-b through means
of single-molecule FRET experiments, molecular dynamics (MD) and Brow-
nian dynamics (BD) simulations, we have identified a new mechanism that
leads to the formation of complexes without the need of any structural re-
arrangement or selection of a pre-configured conformation of the IDP.
We found that binding can occur between Importin-b and highly diverse
configurations of Nup153 in a globular-like state. Being conformational-
independent, the association is solely regulated by the availability of
nucleoporin’s Phe-Gly dipeptide responsible for the interaction with Importin.
More importantly, since conformational adaptations are absent, specific
binding is rapid enough to be observed on the sub-microsecond time scale
of the MD simulations. This ultrafast binding mechanism of nucleoporin to
Importin-b can justify the observation of rapid, yet selective nucleo-
cytoplasmatic transport. Our joint computational and experimental approach
could help to explain if a similar binding scenario also applies to other repet-
itive IDPs.
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Using a simple lattice model approach that captures the combinatorial essence
of a short intrinsically disordered peptide binding to a larger protein surface
we provide evidence that non-specific peptides with moderate amounts of
disorder can bind to a larger array of protein surfaces than their ordered
counterparts.971-Plat
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Tarp (Translocated actin recruiting protein) is an intrinsically disordered pro-
tein (IDP) from Chlamydia trachomatis, which is translocated into the host
cell via type III secretion to initiate the infection process. Once exposed to
the cytosol, Tarp recruits host-cell actin, forming actin pedestal-like structures
that contribute to host cell invasion (Clifton et al., PNAS101,10166). Tarp is
capable of directly nucleating the formation of actin filaments, and its actin-
binding region was mapped to the region between residues 726 and 825 (Jewett
et al., PNAS103, 15599). We have acquired and assigned nuclear magnetic
resonance (NMR) spectra of Tarp726-825, which show the narrow spectral dis-
tribution and chemical shifts characteristic of an IDP. Tarp shows some homol-
ogy to the actin binding WH2 motif from WAVE2, and therefore it is expected
to bind in a similar manner, forming a helix upon binding. Indeed, NMR relax-
ation experiments of Tarp726-825 show slightly lower flexibility in the 10-resi-
due region homologous to the WH2 motif. However, chemical shift index
calculations show that this helix is only partially formed before binding. In
the presence of globular actin, the majority of peaks in the Tarp NMR spectra
are affected, indicating that the binding affects most of the amino acid residues
in this Tarp fragment. Isothermal titration calorimetry experiments determined
the dissociation constant for the binding to be 1.02 (5 0.32)  107 M, and
showed a significant decrease in entropy upon binding, indicating increased
order upon binding. Based on this information, the binding of Tarp to actin
was modelled in silico. Two possible low energy sites of interaction have
been identified, both of which could account for these observations. It is there-
fore possible that Tarp binds actin through a ‘‘fuzzy’’ interface, with contribu-
tion from both conformations.
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Proteins that are fully or partially unstructured are named intrinsically disor-
dered proteins (IDP). The function of IDP’s, in context of the structure-
function paradigm, is challenged by their inherent flexibility. The current
hypothesis of induced-folding mechanism of IDP’s suggests many advantages
over well-ordered and structured proteins because of it ability to recognize and
regulate multiple pathways by adopting numerous conformations. One of the
most prominent examples is the disordered polypeptide p27. p27 is a small
IDP that inhibits cyclin-dependent kinases (Cdk) regulating cell proliferation.
Furthermore, phosphorylation of p27 leads to its degradation by the
ubiquitin-protease pathway. By applying single-molecule fluorescence spec-
troscopy in combination with biochemical assays, we tested the hypothesis
that bound disordered regions of p27 are essential for its regulatory functions.
However, the existence of regulatory modification sites within bound,
folded regions of disordered proteins raises a key question regarding how
these sites become accessible for enzymatic modification. Our results show
that p27 is dynamic even when bound to the Cdk2/CyclinA complex. More-
over, sequential phosphorylation at positions Y88 and Y74 of p27 relieves
Cdk2 inhibition with rheostat-like precision. These observations explain the
mechanism of how intra and inter-molecular phosphorylation of partially acti-
vated Cdk2/CyclinA are regulated during the cell cycle and provide the basis
for understanding how dynamics within Cdk2/CyclinA-bound p27 mediate
signal transmission.
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The Notch signaling pathway is crucial for cellular development. The intracel-
lular domain of the Notch receptor (NICD) contains the 140-residue intrinsi-
cally disordered RAM region followed by seven ankyrin repeats, a nuclear
localization sequence, and a C-terminal degradation sequence. The RAM
194a Monday, February 9, 2015N-terminus and the ankyrin repeats of NICD form a bivalent interaction
with the transcription factor CSL that leads to the activation of Notch
target genes. Assays measuring transcription activity of NICD variants con-
taining sequence deletions and insertions in the region of RAM between the
N-terminal binding site and the ankyrin repeats reveal that RAM mostly
behaves as a disordered statistical coil. However, deviations from this
model suggest that NICD bivalency is affected by sequence-specific elements
within RAM, such as transient secondary structure elements and/or charge
interactions. NMR spectroscopy has revealed three regions of RAM with
helical propensity and two regions that are extended and dynamic. Transcrip-
tion assays show that sequence substitutions to these regions have a modest
effect on transcriptional activation. In contrast, charge interactions within
the RAM are crucial for transcriptional activation. Redistributing the charged
residues within RAM changes the tertiary structure of RAM and decreases
transcriptional activation. NICD variants with highly segregated positive
and negative charges in the RAM region are more compact than wild-type
RAM and display almost no transcriptional activation. Variants containing
oppositely charged residues that are more mixed than in wild-type RAM
are more extended and exhibit smaller decreases in transcriptional activation.
Current work is focused on understanding why compaction of the RAM
region affects Notch transcriptional activation. Understanding how the sec-
ondary and tertiary structure elements of RAM affect transcriptional
activation will provide insight into the general roles of IDPs in signaling
pathways.
974-Plat
Molecular Simulations of Unfolded and Intrinsically Disordered Proteins
Gu¨l H. Zerze1, Robert B. Best2, Jeetain Mittal1.
1Chemical and Biomolecular Engineering, Lehigh University, Bethlehem,
PA, USA, 2Laboratory of Chemical Physics, NIDDK, NIH, Bethesda,
MD, USA.
Intrinsically disordered proteins (IDPs) lack well-defined solution structure un-
der physiological conditions but still have biologically relevant function in the
cell. A significant fraction of eukaryotic proteins are fully or partially disor-
dered. Additionally, the unfolded state of proteins has attracted prominent in-
terest for decades, for better understanding of the protein folding problem. In
this work we address the most fundamental question: are IDPs different from
unfolded states of globular proteins? We simulated five different protein se-
quences in aqueous solution for the systematic investigation of their character-
istic polymer properties. An accurate all-atom protein model with explicit
solvent (Amber03w) is used, which naturally captures temperature-dependent
solvation effects. We found that the qualitative scaling behavior of the protein
chains matches expectations from theory under ambient conditions. We also
observe experimentally known temperature-induced collapse of polypeptide
chains in our simulations. Detailed analysis suggests that this collapse origi-
nates from the change in hydration propensity of individual residues as a func-
tion of temperature. Furthermore, we find that the unfolded ensembles of
proteins at different temperatures are remarkably similar due to temperature-
induced collapse.
We also address a key issue in the single molecule Forster resonance energy
transfer (FRET) experiments to study the properties of unfolded and intrinsi-
cally disordered proteins, i.e., are the properties of the unfolded chain affected
by the presence of chromophore dyes? We find that the secondary structure and
long-range contacts are largely the same in the presence or absence of the
fluorophores, and that the dimensions of the chain with and without chromo-
phores are similar. We also find that the dye orientational factor, kappa2, has
an average value and equilibrium distribution very close to that expected for
isotropic orientations, which supports one of the assumptions frequently
made when interpreting FRET efficiencies in terms of distances.975-Plat
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All theories of protein folding agree in suggesting that the folded state is pro-
moted by a gain in enthalpy, whereas the unfolded state is favored by entropy.
The entropy of the latter and thus the entropic loss associated with protein
folding is generally estimated by utilizing the rather random conformational
distributions of the so-called random coil model which assumes that all amino
acid residues sample the entire sterically allowed region of the Ramachandran
space. However, recent spectroscopic studies as well as analyses of coil li-
braries have revealed residue specific and generally less pronounced conforma-
tional sampling than suggested by the random coil model. These findings imply
that unfolded peptides and proteins carry less entropy than expected. We used
experimentally obtained Ramachandran plots of amino acid residues in GxG
and GxyG host guest systems (x,y,: selected amino acid residues) in water to
calculate the Boltzmann entropy of individual residues in the absence and pres-
ence of nearest neighbor interactions. Our results suggest that entropic chains
of polypeptides exhibit conformational entropies which at room temperature
contribute 3-5 kJ/mol less to the Gibbs/Helmholtz free energy. This suggest
that classical random coil distributions lead to a substantial overestimation of
conformational entropies. Thermodynamic data inferred from the temperature
dependence of 1H 3J(HNHa) coupling constants and UVCD spectra of the
investigated peptides allowed an estimation of the temperature dependence
of the conformational entropies and a comparison with changes of the en-
thalpies and entropies of solvation.
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The rate at which Intrinsically Disordered Proteins (IDPs) undergo large
conformational changes in solution is expected to substantially affect their
function. The roughness in IDPs energy landscape can significantly slow
down this diffusional dynamics, giving rise to internal friction. Both experi-
ments and simulations of unfolded states of proteins show that compact states
exhibit greater internal friction than denaturant-expanded states1,2. Yet it is un-
clear to what extent, and in which way, changes in a protein sequence may
affect the internal friction. Using a nanosecond laser-pump spectroscopy tech-
nique we quantify the rate at which two ends of a polypeptide chain come into
contact, while also quantifying the relative end-to-end distance (or compact-
ness) of the chain. We compare these values for different IDPs of the Calcitonin
peptide (Ct) family. Our previous studies showed that these IDPs populate
highly compact states in near native conditions3,4 and become more expanded
at increasing denaturant concentrations5,6. We find that, under conditions in
which the end-to-end distances are the same, certain sequences exhibit signif-
icantly slower contact formation rates than others, indicating greater internal
friction. As expected, such differences are apparent in water but not in dena-
turant. We experimentally investigate the possible causes for the observed
sequence-dependence.
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